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THREE - TERMINAL MULTILAYER SUMMARY OF THE INVENTION 
CERAMIC CAPACITOR AND METHOD FOR 
MANUFACTURING THREE - TERMINAL Preferred embodiments of the present invention provide 
MULTILAYER CERAMIC CAPACITOR three - terminal multilayer ceramic capacitors , and methods 

5 of manufacturing such three - terminal multilayer ceramic 
CROSS REFERENCE TO RELATED capacitors , that overcome the problems described above . 

APPLICATIONS A three - terminal multilayer ceramic capacitor according 
to a preferred embodiment of the present invention includes 

This application claims the benefit of priority to Japanese a capacitive element including a stack of a plurality of 
Patent Application No. 2019-065080 filed on Mar. 28 , 2019. 10 ceramic layers , and a plurality of first internal electrodes and 
The entire contents of this application are hereby incorpo a plurality of second internal electrodes , and including a first 

major surface and a second major surface opposite to each rated herein by reference . other in a heightwise direction , a first end surface and a 
second end surface opposite to each other in a lengthwise BACKGROUND OF THE INVENTION 15 direction orthogonal or substantially orthogonal to the 
heightwise direction , and a first side surface and a second 1. Field of the Invention side surface opposite to each other in a widthwise direction 
orthogonal or substantially orthogonal to the heightwise 

The present invention relates to a three - terminal multi direction and the lengthwise direction ; a first end surface 
layer ceramic capacitor , and more particularly , to a three- 20 electrode on the first end surface and extending from the first 
terminal multilayer ceramic capacitor having characteristics end surface so as to partially cover the first major surface , 
with little variation and also capable of obtaining a large the second major surface , the first side surface , and the 
capacitance , and a method for manufacturing such a three- second side surface ; a second end surface electrode on the 
terminal multilayer ceramic capacitor . second end surface and extending from the second end 

25 surface so as to partially cover the first major surface , the 
2. Description of the Related Art second major surface , the first side surface , and the second 

side surface ; a first side surface electrode on the first side 
Three - terminal multilayer ceramic capacitors are widely surface and extending from the first side surface so as to 

used for applications such as countermeasures against noise . partially cover the first major surface and the second major 
For example , Japanese Patent Laid - Open No. 2017-168488 30 surface ; and a second side surface electrode on the second 
discloses a three - terminal multilayer ceramic capacitor . side surface and extending from the second side surface so 

Japanese Patent Laid - Open No. 2017-168488 discloses a as to partially cover the first major surface and the second 
three - terminal multilayer ceramic capacitor including an major surface , the first internal electrodes being connected to 
external electrode composed of a Ni underlying electrode the first end surface electrode and the second end surface 
layer mainly composed of Ni , a Cu plating electrode layer 35 electrode , the second internal electrodes being connected to 
formed on an external surface of the Ni underlying electrode the first side surface electrode and the second side surface 
layer , a Ni plating electrode layer formed on an external electrode , the three - terminal multilayer ceramic capacitor 
surface of the Cu plating electrode layer , and a Sn plating having a lengthwise dimension of about 1300 um or more 
electrode layer formed on an external surface of the Ni and about 1500 um or less , a widthwise dimension of about 
plating electrode layer . 40 1000 um or more and about 1200 um or less , and a 

Generally , three - terminal multilayer ceramic capacitors or heightwise dimension of about 570 um or more and about 
similar electronic components having an external surface 680 um or less , and having a capacitance of about 12 uF or 
with an external electrode formed thereon have a specifica- more and about 32 uF or less , the first end surface electrode , 
tion for external dimensions composed of length , width and the second end surface electrode , the first side surface 
height defined with the external electrode's thickness added 45 electrode , and the second side surface electrode each includ 
thereto . For this reason , increasing the thickness of the ing a Ni underlying electrode layer on an external surface of 
external electrode requires reducing the capacitive element's the capacitive element and at least one plating electrode 
external dimensions accordingly . And reducing the capaci- layer on an external surface of the Ni underlying electrode 
tive element’s external dimensions requires reducing the layer , the first end surface electrode on the first end surface 
number of internal electrodes to be stacked or reducing the 50 and the second end surface electrode on the second end 
area of the internal electrode . Therefore , there has been a surface each having a thickness of about 0.73 % or more and 
problem in that it is difficult to obtain a large capacitance about 3.00 % or less relative to the lengthwise dimension . 
when the thickness of the external electrode is increased . A method for manufacturing a three - terminal multilayer 
On the other hand , excessively reducing the thickness of ceramic capacitor according to a preferred embodiment of 

the external electrode results in unsatisfactory formation of 55 the present invention includes preparing a ceramic green 
the external electrode , and contact resistance of the internal sheet ; applying a conductive paste on a major surface of the 
electrode and the external electrode , and thus ESL ( Equiva- ceramic green sheet to have a desired shape and a desired 
lent Series Inductance ) vary . In particular , when the external thickness for forming a first internal electrode or a second 
electrode has an underlying electrode layer having an exces- internal electrode ; depositing a plurality of ceramic green 
sively reduced thickness , a non - formation region is pro- 60 sheets in layers and integrating the sheets together to form 
duced in the underlying electrode layer , and contact resis- a green capacitive element ; applying a conductive paste to 
tance of the internal electrode and the external electrode , and an external surface of the green capacitive element to have 
thus ESL significantly vary . a desired shape and a desired thickness for forming a Ni 

The thickness of the underlying electrode layer can be underlying electrode layer ; firing the green capacitive ele 
adjusted for example by adjusting the specific gravity and 65 ment to produce a capacitive element including a plurality of 
viscosity of a conductive paste applied to an external surface ceramic layers , and a plurality of first internal electrodes and 
of the capacitive element . a plurality of second internal electrodes deposited in layers , 
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and the Ni underlying electrode layer formed on an external is defined as heightwise direction T of three - terminal mul 
surface ; and forming at least one plating electrode layer on tilayer ceramic capacitor 100 . 
an external surface of the Ni underlying electrode layer , the Three - terminal multilayer ceramic capacitor 100 includes 
conductive paste applied to the external surface of the green capacitive element 1 having a rectangular or substantially 
capacitive element having a specific gravity of about 1.1 or 5 rectangular parallelepiped shape . Capacitive element 1 
more and about 4.0 or less and a viscosity of about 10 Pa : S includes a first major surface 1A and a second major surface 
or more and about 100 Pa : S or less . 1B opposite to each other in heightwise direction T , a first 

The above and other elements , features , steps , character- end surface 1C and a second end surface 1D opposite to each 
istics and advantages of the present invention will become other in lengthwise direction L orthogonal or substantially 
more apparent from the following detailed description of the orthogonal to heightwise direction T , and a first side surface 
preferred embodiments with reference to the attached draw- 1E and a second side surface 1F opposite to each other in 
ings . widthwise direction W orthogonal or substantially orthogo 

nal to heightwise direction T and lengthwise direction L. 
BRIEF DESCRIPTION OF THE DRAWINGS Three - terminal multilayer ceramic capacitor 100 includes 

the following external dimensions . A dimension DL in 
FIG . 1 is a perspective view of a three - terminal multilayer lengthwise direction L is about 1300 um or more and about 

ceramic capacitor 100 according to a preferred embodiment 1500 um or less , for example . A dimension DW in widthwise 
of the present invention . direction W is about 1000 um or more and about 1200 um 
FIG . 2 is a cross section of three - terminal multilayer 20 or less , for example . A dimension DT in heightwise direction 

ceramic capacitor 100 , and shows a portion X - X indicated in T is about 570 um or more and about 680 um or less , for 
FIG . 1 by an arrowed , one - dot chain line . example . Note that each dimension is a value including a 
FIG . 3 is a cross section of three - terminal multilayer thickness of an external electrode ( a first end surface elec 

ceramic capacitor 100 , and shows a portion Y - Y indicated in trode 4 , a second end surface electrode 5 , a first side surface 
FIG . 1 by an arrowed , one - dot chain line . 25 electrode 6 , and a second side surface electrode 7 ) described 
FIG . 4 is a cross section of three - terminal multilayer hereinafter . 

ceramic capacitor 100 , and shows a portion Z - Z indicated in Capacitive element 1 includes a plurality of ceramic 
FIG . 1 by an arrowed , one - dot chain line . layers 1a , and a plurality of first internal electrodes 2 and a 
FIG . 5 is an exploded perspective view of three - terminal plurality of second internal electrodes 3 disposed in layers . 

multilayer ceramic capacitor 100 . While capacitive element 1 ( ceramic layer la ) may be 
made of any material , it can , for example , preferably be a 

DETAILED DESCRIPTION OF THE dielectric ceramic material mainly including BaTiO3 . 
PREFERRED EMBODIMENTS BaTiOz may be replaced with a dielectric ceramic material 

mainly including another material , such as CaTiO3 , SrTiO3 , 
Hereinafter , preferred embodiments of the present inven- 35 and CaZroz . 

tion will be described in detail with reference to the draw- While ceramic layer la may have any thickness , it can , for 
ings . Each preferred embodiment is an example , and the example , preferably be about 0.3 um to about 2.0 um in an 
present invention is not limited to the content of the pre- effective capacitance formation region in which first and 
ferred embodiment . Moreover , it is also possible to combine second internal electrodes 2 and 3 are formed . 
the contents described in different preferred embodiments , 40 While ceramic layer la may be any number of layers , it 
and the contents of such combinations are also included in can , for example , preferably be 1 to 6,000 layers in the 
the present invention . Further , the drawings are intended to effective capacitance formation region in which first and 
facilitate understanding the specification and may be sche- second internal electrodes 2 and 3 are provided . 
matically drawn , and the drawn components or their dimen- On the upper and lower sides of capacitive element 1 , an 
sional ratios may not match those described in the specifi- 45 external layer ( a protective layer ) not including first and 
cation . In addition , some of components described in the second internal electrodes 2 and 3 and including only 
specification may not be shown in a figure or may be drawn ceramic layer la is provided . While the external layer may 
differently in number . have any thickness , it can , for example , preferably be about 

FIGS . 1 to 5 show a three - terminal multilayer ceramic 15 um to about 150 um . Ceramic layer la in the region of 
capacitor 100 according to a preferred embodiment of the 50 the external layer may have a larger thickness than ceramic 
present invention . FIG . 1 is a perspective view of three- layer la in the effective capacitance formation region in 
terminal multilayer ceramic capacitor 100. FIG . 2 is a cross which first and second internal electrodes 2 and 3 are 
section of three - terminal multilayer ceramic capacitor 100 , provided , although FIGS . 1 to 4 show the external layer's 
and shows a portion X - X indicated in FIG . 1 by an arrowed , region and the effective region with ceramic layers la 
one - dot chain line . FIG . 3 is also a cross section of three- 55 having equal or substantially equal thicknesses . Further , 
terminal multilayer ceramic capacitor 100 , and shows a ceramic layer la in the external layer's region may made of 
portion Y - Y indicated in FIG . 1 by an arrowed , one - dot chain a different material from ceramic layer la in the effective 
line . FIG . 4 is also a cross section of three - terminal multi- region . 
layer ceramic capacitor 100 , and shows a portion Z - Z The exploded perspective view of FIG . 5 is an exploded 
indicated in FIG . 1 by an arrowed , one - dot chain line . FIG . 60 view of a vicinity of the center of capacitive element 1 in 
5 is an exploded perspective view of three - terminal multi- heightwise direction T for each ceramic layer 1a . As can be 
layer ceramic capacitor 100. The figures indicate a height- seen from FIG . 5 , first internal electrode 2 extends in 
wise direction T , a lengthwise direction L , and a widthwise lengthwise direction L of three - terminal multilayer ceramic 
direction W of three - terminal multilayer ceramic capacitor capacitor 100 and extends to first and second end surfaces 
100 , and these directions may be referred to in the following 65 1C and 1D of capacitive element 1. Second internal elec 
description . In the present preferred embodiment , a direction trode 3 extends in lengthwise direction L of three - terminal 
in which ceramic layers la described hereinafter are stacked multilayer ceramic capacitor 100 and extends to first and 
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second side surfaces 1E and 1F of capacitive element 1. In Ni underlying electrode layer 8 is a portion defining and 
principle , first and second internal electrodes 2 and 3 are functioning as a base for first end surface electrode 4 , second 
alternately stacked . end surface electrode 5 , first side surface electrode 6 , and 

While first and second internal electrodes 2 and 3 may second side surface electrode 7. Cu plating electrode layer 9 
include any major component , it is preferably Ni in the 5 mainly improves moisture resistance . Ni plating electrode 
present preferred embodiment . Ni may be replaced with layer 10 improves soldering heat resistance and also 

improves bondability . Sn plating electrode layer 11 mainly other metals such as Cu , Ag , Pd , and Au , for example . Ni , improves solderability . 
Cu , Ag , Pd , Au , and the like may be alloyed with other Ni underlying electrode layer 8 is mainly made of Ni . metals . However , it is also preferable that Ni underlying electrode While first and second internal electrodes 2 and 3 may 10 layer 8 include a ceramic material , since it can improve 
have any thickness , it can , for example , preferably be about adhesion between capacitive element 1 and Ni underlying 
0.3 um to about 1.5 um , for example . electrode layer 8. Furthermore , it is also preferable that Ni 

While a gap between first internal electrode 2 and first and underlying electrode layer 8 have a ceramic composition the 
second side surfaces 1E and 1F of capacitive element 1 may same or substantially the same as that defining capacitive 
have any dimension , it can , for example , preferably be about 15 element 1 , since it can further improve adhesion between 
10 um to about 200 um . Further , while a gap between second capacitive element 1 and Ni underlying electrode layer 8 . 
internal electrode 3 and first and second end surfaces 1C and Three - terminal multilayer ceramic capacitor 100 prefer 
1D of capacitive element 1 may have any dimension , it can , ably has lengthwise dimension DL of about 1300 um or 
for example , preferably be about 0.5 um to about 300 um . more and about 1500 um or less , for example , as has been 
On an external surface of capacitive element 1 , a first end set forth above . FIG . 2 shows a cross section of three 

surface electrode 4 , a second end surface electrode 5 , a first terminal multilayer ceramic capacitor 100 with lengthwise 
side surface electrode 6 , and a second side surface electrode dimension DL indicated . 
7 are provided as an external electrode . In three - terminal multilayer ceramic capacitor 100 , first 

end surface electrode 4 on first end surface 1C and second First end surface electrode 4 is provided on first end end surface electrode 5 on second end surface 1D both 
surface 1C and extends from first end surface 1C so as to 25 preferably have a thickness TE of about 11 um or more and partially cover first major surface 1A , second major surface about 39 um or less , for example . When thickness TE is less 1B , first side surface 1E , and second side surface 1F . than about 11 um , first end surface electrode 4 and second Second end surface electrode 5 is provided on second end end surface electrode 5 are poorly provided , and contact surface 1D and extends from second end surface 1D so as to resistance of first internal electrode 2 and first end surface 
partially cover first major surface 1A , second major surface electrode 4 and contact resistance of first internal electrode 
1B , first side surface 1E , and second side surface 1F . 2 and second end surface electrode 5 , and thus ESL may 

First side surface electrode 6 is provided on first side vary . When thickness TE exceeds about 39 um , the thickness 
surface 1E and extends from first side surface 1E so as to is more than necessary , and it is necessary to reduce the 
partially cover first major surface 1A and second major lengthwise dimension of capacitive element 1 , which may 
surface 1B . make it difficult to obtain a large capacitance . 

Second side surface electrode 7 is provided on second When thickness TE is about 11 um , preferably , first end 
side surface 1F and extends from second side surface 1F so surface electrode 4 on first end surface 1C and second end 
as to partially cover first major surface 1A and second major surface electrode 5 on second end surface 1D are configured 
surface 1B . such that Ni underlying electrode layer 8 has a thickness of 

First internal electrode 2 extending to first end surface 1C about 5 um , Cu plating electrode layer 9 has a thickness of 
of capacitive element 1 is connected to first end surface 40 about 3 um , Ni plating electrode layer 10 has a thickness of 
electrode 4. First internal electrode 2 extending to second about 2 um , and Sn plating electrode layer 11 has a thickness 
end surface ID of capacitive element 1 is connected to of about 1 um , for example . The thicknesses of the layers are 
second end surface electrode 5. Second internal electrode 3 set as described above for the following reason . When Ni 
extending to first side surface 1E of capacitive element 1 is underlying electrode layer 8 has a thickness less than about 
connected to first side surface electrode 6. Second internal 5 um , first end surface electrode 4 and second end surface 
electrode 3 extending to second side surface 17 of capacitive electrode 5 may be poorly provided . When Cu plating 
element 1 is connected to second side surface electrode 7 . electrode layer 9 has a thickness less than about 3 um , Cu 

Three - terminal multilayer ceramic capacitor 100 can be plating electrode layer 9 may not be able to provide suffi 
used as a three - terminal capacitor for example by dividing a cient moisture resistance . When Ni plating electrode layer 
power line or a signal line in a circuit , and connecting first 10 has a thickness less than about 2 um , Ni plating electrode 
and second end surface electrodes 4 and 5 to one and the 50 layer 10 may not be able to provide sufficient soldering heat 
portions , respectively , of the divided line and grounding first resistance and may not be able to provide sufficient adhe 
and second side surface electrodes 6 and 7. In that case , first sion . When Sn plating electrode layer 11 has a thickness less 
internal electrode 2 will define and function as a through than about 1 um , Sn plating electrode layer 11 may not be 
electrode and second internal electrode 3 will define and able to provide sufficient solderability . 
function as a ground electrode . When thickness TE is about 39 um , preferably , first end 

First end surface electrode 4 , second end surface electrode surface electrode 4 on first end surface 1C and second end 
5 , first side surface electrode 6 , and second side surface surface electrode 5 on second end surface 1D are configured 
electrode 7 all preferably have the same or substantially the such that Ni underlying electrode layer 8 has a thickness of 
same multilayer structure . Specifically , as shown in FIGS . 2 about 15 um , Cu plating electrode layer 9 has a thickness of 
to 4 , first end surface electrode 4 , second end surface about 9 um , Ni plating electrode layer 10 has a thickness of 
electrode 5 , first side surface electrode 6 , and second side about 7 um , and Sn plating electrode layer 11 has a thickness 
surface electrode 7 each include a Ni underlying electrode of about 8 um , for example . 
layer 8 on an external surface of capacitive element 1 , a Cu First end surface electrode 4 on first end surface 1C and 
plating electrode layer 9 on an external surface of Ni second end surface electrode 5 on second end surface 1D 
underlying electrode layer 8 , a Ni plating electrode layer 10 each preferably have thickness TE of about 0.73 % or more 
on an external surface of Cu plating electrode layer 9 , and 65 and about 3.00 % or less relative to lengthwise dimension 
a Sn plating electrode layer 11 on an external surface of Ni DL , for example . The above relationship is shown in table 
plating electrode layer 10 . 1 . 

35 
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TABLE 1 

LENGTHWISE DIMENSION DL ( MINIMUM ) 1300 um TO ( MAXIMUM ) 1500 um 
THICKNESS TE OF END SURFACE ( MINIMUM ) 11 um TO ( MAXIMUM ) 39 um 
ELECTRODE ON END SURFACE ( BREAKDOWN FOR MINIMUM ) ( BREAKDOWN FOR MAXIMUM ) 

Ni UNDERLYING Ni UNDERLYING 
ELECTRODE LAYER : 5 um ELECTRODE LAYER : 15 um 
Cu PLATING LAYER : 3 um Cu PLATING LAYER : 9 um 
Ni PLATING LAYER : 2 um Ni PLATING LAYER : 7 um 
Sn PLATING LAYER : 1 um Sn PLATING LAYER : 8 um 

( MINIMUM ) 0.73 % TO ( MAXIMUM ) 3.00 % THICKNESS TE OF END SURFACE 
ELECTRODE ON END SURFACE 
LENGTHWISE DIMENSION DL 

a 

a 

a 

Three - terminal multilayer ceramic capacitor 100 prefer- cient moisture resistance . When Ni plating electrode layer 
ably has widthwise dimension DW of about 1000 um or 10 has a thickness less than about 2 um , Ni plating electrode 
more and about 1200 um or less , for example , as has been layer 10 may not be able to provide sufficient soldering heat 
set forth above . FIG . 3 shows a cross section of three- 20 resistance and may not be able to provide sufficient adhe 
terminal multilayer ceramic capacitor 100 with widthwise sion . When Sn plating electrode layer 11 has a thickness less 
dimension DW indicated . than about 1 um , Sn plating electrode layer 11 may not be In three - terminal multilayer ceramic capacitor 10 first able to provide sufficient solderability . side surface electrode 6 on first side surface 1E and second 
side surface electrode 7 on second side surface 1F both 25 When thickness TS is about 39 um , preferably , first side 

surface electrode 6 on first side surface 1E and second side preferably have a thickness TS of about 11 um or more and 
about 39 um or less , for example . When thickness TS is less surface electrode 7 on second side surface 1F are configured 
than about 11 um , first side surface electrode 6 and second such that Ni underlying electrode layer 8 has a thickness of 
side surface electrode 7 are poorly provided , and contact about 15 um , Cu plating electrode layer 9 has a thickness of 
resistance of second internal electrode 3 and first side 30 about 9 um , Ni plating electrode layer 10 has a thickness of 
surface electrode 6 and contact resistance of second internal about 7 um , and Sn plating electrode layer 11 has a thickness 
electrode 3 and second side surface electrode 7 , and thus of about 8 um , for example . 
ESL may vary . When thickness TS exceeds about 39 um , the First side surface electrode 6 on first side surface 1E and thickness is more than necessary , and it is necessary to reduce the widthwise dimension of capacitive element 1 , 35 second side surface electrode 7 on second side surface 1F 
which make it difficult to obtain a large capacitance . each preferably have thickness TS of about 0.92 % or more may 
When thickness TS is about 11 um , preferably , first side and about 3.90 % or less relative to widthwise dimension 

surface electrode 6 on first side surface 1E and second side DW , for example . The above relationship is shown in table 
surface electrode 7 on second side surface 1F are configured 2 . 

a 

TABLE 2 

WIDTHWISE DIMENSION DW ( MINIMUM ) 1000 um TO ( MAXIMUM ) 1200 um 
THICKNESS TS OF SIDE SURFACE ( MINIMUM ) 11 um TO ( MAXIMUM ) 39 um 
ELECTRODE ON SIDE SURFACE ( BREAKDOWN FOR MINIMUM ) ( BREAKDOWN FOR MAXIMUM ) 

Ni UNDERLYING Ni UNDERLYING 
ELECTRODE LAYER : 5 um ELECTRODE LAYER : 15 um 
Cu PLATING LAYER : 3 Cu PLATING LAYER : 9 um 
Ni PLATING LAYER : 2 um Ni PLATING LAYER : 7 um 
Sn PLATING LAYER : 1 um Sn PLATING LAYER : 8 um 

um 

( MINIMUM ) 0.92 % TO ( MAXIMUM ) 3.90 % THICKNESS TS OF SIDE SURFACE 
ELECTRODE ON SIDE SURFACE 
WIDTHWISE DIMENSION DW 

a 

a 

such that Ni underlying electrode layer 8 has a thickness of Three - terminal multilayer ceramic capacitor 100 prefer 
about 5 um , Cu plating electrode layer 9 has a thickness of ably has heightwise dimension DT of about 570 um or more 
about 3 um , Ni plating electrode layer 10 has a thickness of and about 680 um or less , for example , as has been set forth 
about 2 um , and Sn plating electrode layer 11 has a thickness 60 above . FIGS . 3 and 4 show a cross section of three - terminal 
of about 1 um , for example . The layers are set to thicknesses multilayer ceramic capacitor 100 with heightwise dimension 
as described above for the following reason : When Ni DT indicated . Although FIG . 4 shows second end surface 
underlying electrode layer 8 has a thickness less than about electrode 5 and does not show first end surface electrode 4 , 
5 um , first side surface electrode 6 and second side surface first end surface electrode 4 has the same or substantially the 
electrode 7 may be poorly provided . When Cu plating 65 same cross section as second end surface electrode 5 . 
electrode layer 9 has a thickness less than about 3 um , Cu In three - terminal multilayer ceramic capacitor 100 , first 
plating electrode layer 9 may not be able to provide suffi- end surface electrode 4 on first major surface 1A , first end 
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surface electrode 4 on second major surface 1B , second end side surface electrode 7 on first major surface 1A and second 
surface electrode 5 on first major surface 1A , second end side surface electrode 7 on second major surface 1B all surface electrode 5 on second major surface 1B , first side 
surface electrode 6 on first major surface 1A , first side preferably have thickness TM of about 1.18 % or more and 
surface electrode 6 on second major surface 1B , second side about 6.32 % or less relative to heightwise dimension DT , for 
surface electrode 7 on first major surface 1A and second side example . The above relationship is shown in table 3 . 

TABLE 3 

HEIGHTWISE DIMENSION DT ( MINIMUM ) 570 um TO ( MAXIMUM ) 680 um 
THICKNESS TM OF END AND SIDE SURFACE ( MINIMUM ) 8 um TO ( MAXIMUM ) 36 um 
ELECTRODES ON MAJOR SURFACE ( BREAKDOWN FOR MINIMUM ) ( BREAKDOWN FOR MAXIMUM ) 

Ni UNDERLYING Ni UNDERLYING 
ELECTRODE LAYER : 2 um ELECTRODE LAYER : 12 um 
Cu PLATING LAYER : 3 um Cu PLATING LAYER : 9 um 
Ni PLATING LAYER : 2 um Ni PLATING LAYER : 7 um 
Sn PLATING LAYER : 1 um Sn PLATING LAYER : 8 um 

( MINIMUM ) 1.18 % TO ( MAXIMUM ) 6.32 % THICKNESS TM OF END AND SIDE 
SURFACE ELECTRODES ON MAJOR SURFACE 

HEIGHTWISE DIMENSION DT 

25 

e 

surface electrode 7 on second major surface 1B all prefer- Note that thickness TX of first end surface electrode 4 and 
ably have thickness TM of about 8 um or more and about 36 second end surface electrode 5 on first side surface 1E and 
um or less , for example . thickness TX of first end surface electrode 4 and second end 

Thickness TM does not have a substantial effect on surface electrode 5 on second side surface 1F shown in FIG . 
contact resistance of first internal electrode 2 and first end 4 are preferably equal to or smaller than thickness TS of first 

side surface electrode 6 on first side surface 1E and thickness surface electrode 4 , contact resistance of first internal elec TS of second side surface electrode 7 on second side surface 
trode 2 and second end surface electrode 5 , contact resis- 30 1F shown in FIG . 3. This is because even if thickness TS is 
tance of second internal electrode 3 and first side surface reduced , thickness TX exceeding thickness TS may result in 
electrode 6 , and contact resistance of second internal elec three - terminal multilayer ceramic capacitor 100 having 
trode 3 and second side surface electrode 7. As such , the widthwise dimension DW exceeding its specification . 
minimum value of thickness TM is preferably set to about 8 Three - terminal multilayer ceramic capacitor 100 includ 
um , for example . That is , it is smaller than the minimum 35 ing first end surface electrode 4 , second end surface elec 
value of thickness TE , i.e. , about 11 um , and the minimum trode 5 , first side surface electrode 6 , and second side surface 
value of thickness TS , i.e. , about 11 um . electrode 7 dimensioned in thickness as described above can 
When thickness TM is about 8 um , first end surface have characteristics ( ESL in particular ) with little variation 

electrode 4 , second end surface electrode 5 , first side surface and also obtain large capacitance . 
electrode 6 and second side surface electrode 7 on first major 40 Example of a Method for Manufacturing Three - Terminal 
surface 1A , and first end surface electrode 4 , second end Multilayer Ceramic Capacitor 100 
surface electrode 5 , first side surface electrode 6 and second A non - limiting example of a method for manufacturing 
side surface electrode 7 on second major surface 1B are three - terminal multilayer ceramic capacitor 100 according 
preferably configured such that Ni underlying electrode to a preferred embodiment of the present invention will be 
layer 8 has a thickness of about 2 um , Cu plating electrode 45 described . 
layer 9 has a thickness of about 3 um , Ni plating electrode Initially , capacitive element 1 including first and second 
layer 10 has a thickness of about 2 um , and Sn plating internal electrodes 2 and 3 formed therein and Ni underlying 
electrode layer 11 has a thickness of about 1 um , for electrode layer 8 formed on an external surface for first end 
example . surface electrode 4 , second end surface electrode 5 , first side 
When thickness TM is about 36 um , first end surface 50 surface electrode 6 , and second side surface electrode 7 is 

electrode 4 , second end surface electrode 5 , first side surface prepared . 
electrode 6 and second side surface electrode 7 on first major Specifically , initially , dielectric ceramic powder , binder 
surface 1A , and first end surface electrode 4 , second end resin , a solvent , and the like are prepared and wet - mixed 
surface electrode 5 , first side surface electrode 6 and second together to prepare a ceramic slurry . 
side surface electrode 7 on second major surface 1B are 55 Subsequently , the ceramic slurry is applied on a carrier 
preferably configured such that Ni underlying electrode film in the form of a sheet with a die coater , a gravure coater , 
layer 8 has a thickness of about 12 um , Cu plating electrode a micro gravure coater or the like , for example , and dried to 
layer 9 has a thickness of about 9 um , Ni plating electrode produce a ceramic green sheet . 
layer 10 has a thickness of about 7 um , and Sn plating Subsequently , a conductive paste prepared in advance is 
electrode layer 11 has a thickness of about 8 um , for 60 applied ( for example , printed ) in a desired pattern on a major 
example . surface of a prescribed ceramic green sheet to form first and 

First end surface electrode 4 on first major surface 1A , second internal electrodes 2 and 3. Note that the conductive 
first end surface electrode 4 on second major surface 1B , paste is not applied to a ceramic green sheet which will 
second end surface electrode 5 on first major surface 1A , define and function as an external layer . Note that the 
second end surface electrode 5 on second major surface 1B , 65 conductive paste can for example be a solvent , binder resin , 
first side surface electrode 6 on first major surface 1A , first metal powder ( for example , Ni powder ) and the like , for 
side surface electrode 6 on second major surface 1B , second example , mixed together . 
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Subsequently , such ceramic green sheets are stacked in a Finally , Sn plating electrode layer 11 is formed on an 
prescribed order and integrated together by thermocompres- external surface of Ni plating electrode layer 10 to complete 
sion bonding to produce a green capacitive element . first end surface electrode 4 , second end surface electrode 5 , 

Subsequently , a conductive paste is applied on an external first side surface electrode 6 and second side surface elec 
surface of the green capacitive element to have a desired 5 trode 7 , and hence three - terminal multilayer ceramic capaci 
shape and a desired thickness in order to form Ni underlying tor 100 . 
electrode layer 8. Note that the conductive paste can for Three - terminal multilayer ceramic capacitors 100 accord 
example be a solvent , binder resin , Ni powder , ceramic ing to preferred embodiments of the present invention has 
powder , and the like mixed together . been described above . However , the present invention is not 

The thickness of Ni underlying electrode layer 8 depends 10 limited to the contents described above , and various modi 
fications can be made in accordance with the gist of the on the thickness of the conductive paste applied . The thick invention . ness of the conductive paste to be applied can be adjusted by For example , while in the above preferred embodiments , adjusting the conductive paste in specific gravity and vis the plating electrode layer includes the three layers of Cu cosity . Note that when the conductive paste has a smaller 15 plating electrode layer 9 , Ni plating electrode layer 10 and specific gravity , the conductive paste can be applied to have Sn plating electrode layer 11 , and each dimension in thick 

a smaller thickness . Furthermore , when the conductive paste ness is indicated , the plating electrode layer may include any has a smaller viscosity , the conductive paste can be applied number of layers , made of any material and have any 
to have a smaller thickness . dimension in thickness , and the number of layers , the 

The conductive paste to be applied preferably has a 20 material and the dimension in thickness may be changed as 
specific gravity of about 1.1 or more and about 4.0 or less , appropriate . 
for example . A specific gravity below about 1.1 makes it For the three - terminal multilayer ceramic capacitor , it is 
difficult to apply the conductive paste . A specific gravity also preferable that the first side surface electrode on the first 
exceeding about 4.0 results in the applied conductive paste side surface and the second side surface electrode on the 
having an excessively large thickness . 25 second side surface each have a thickness of about 0.92 % or 

The conductive paste to be applied preferably has a more and about 3.90 % or less , for example relative to the 
viscosity of about 10 Pa.S or more and about 100 Pa : S or widthwise dimension . In that case , the three - terminal mul 
less , for example . A viscosity below about 10 Pa : S makes it tilayer ceramic capacitor can have characteristics ( ESL in 
difficult to apply the conductive paste . A viscosity exceeding particular ) with reduced variation and can also obtain a large 
about 100 Pa.S results in the applied conductive paste 30 capacitance . 
having an excessively large thickness . The first end surface electrode on the first major surface , 

To form first end surface electrode 4 and second end the first end surface electrode on the second major surface , 
surface electrode 5 , a conductive paste is applied to an end the second end surface electrode on the first major surface , 
surface of the green capacitive element for example by the second end surface electrode on the second major 
dipping the end surface of the green capacitive element into 35 surface , the first side surface electrode on the first major 
the conductive paste introduced into a bath . If the conductive ? surface , the first side surface electrode on the second major 
paste applied has an excessively large thickness , it is pref- surface , the second side surface electrode on the first major 
erable to again dip the green capacitive element once or surface and the second side surface electrode on the second 
more into a bath in which the conductive paste is introduced major surface each preferably have a thickness of about 
shallowly and scrape off the conductive paste excessively 40 1.18 % or more and about 6.32 % or less , for example , 
applied . relative to the heightwise dimension . These portions may be 

To form first side surface electrode 6 and second side reduced in thickness as it does not have a substantial effect 
surface electrode 7 , a conductive paste is applied to a side on contact resistance of the internal and external electrodes . 
surface of the green capacitive element for example by Furthermore , it is also preferable that the first end surface 
transferring the paste to a portion of the side surface with a 45 electrode on the first side surface and the second end surface 
roller provided with a groove . electrode on the first side surface are equal to or smaller than 

Subsequently , the green capacitive element is fired in a the first side surface electrode on the first side surface in 
prescribed profile to complete capacitive element 1. In doing thickness , and the first end surface electrode on the second 
so , the ceramic green sheet is fired to be ceramic layer 1a , side surface and the second end surface electrode on the 
the conductive paste applied to the major surface of the 50 second side surface are equal to or smaller than the second 
ceramic green sheet is simultaneously fired to be first and side surface electrode on the second side surface in thick 
second internal electrodes 2 and 3 , and the conductive paste ness . This is to prevent the three - terminal multilayer ceramic 
applied on the external surface of the green capacitive capacitor from having a widthwise dimension exceeding its 
element is simultaneously fired to be Ni underlying elec- specification . 
trode layer 8 . Moreover , it is also preferable that the plating electrode 

Subsequently , Cu plating electrode layer 9 is formed on an layer includes a Cu plating electrode layer on an external 
external surface of Ni underlying electrode layer 8 for first surface of the Ni underlying electrode layer , a Ni plating 
end surface electrode 4 , second end surface electrode 5 , first electrode layer on an external surface of the Cu plating 
side surface electrode 6 , and second side surface electrode 7 . electrode layer , and a Sn plating electrode layer on an 

Subsequently , Ni plating electrode layer 10 is formed on 60 external surface of the Ni plating electrode layer . In that 
an external surface of Cu plating electrode layer 9 for first case , the plating electrode layer can be configured to have 
end surface electrode 4 , second end surface electrode 5 , first satisfactory moisture resistance , soldering heat resistance , 
side surface electrode 6 , and second side surface electrode 7 . solderability and the like . 
If Ni plating electrode layer 10 is formed with a solder ball In a method for manufacturing a three - terminal multilayer 
used as a medium , a Sn layer may be formed at an interface 65 ceramic capacitor according to a preferred embodiment of 
of Cu plating electrode layer 9 and Ni plating electrode layer the present invention , it is also preferable that the plating 
10 . electrode layer includes a Cu plating electrode layer formed 
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on an external surface of the Ni underlying electrode layer , lying electrode layer on an external surface of the 
a Ni plating electrode layer formed on an external surface of capacitive element and at least one plating electrode 
the Cu plating electrode layer , and a Sn plating electrode layer on an external surface of the Ni underlying 
layer formed on an external surface of the Ni plating electrode layer , 
electrode layer . In that case , the plating electrode layer can the first end surface electrode on the first end surface and 
be formed to have satisfactory moisture resistance , soldering the second end surface electrode on the second end 
heat resistance , solderability and the like . surface each having a thickness of about 0.73 % or more While preferred embodiments of the present invention and about 3.00 % or less relative to the lengthwise 
have been described above , it is to be understood that dimension ; and variations and modifications will be apparent to those skilled 10 the first side surface electrode on the first side surface and in the art without departing from the scope and spirit of the the second side surface electrode on the second side present invention . The scope of the present invention , there surface each have a thickness of about 0.92 % or more fore , is to be determined solely by the following claims . 
What is claimed is : and about 3.90 % or less relative to the widthwise 
1. A three - terminal multilayer ceramic capacitor compris- 15 dimension . 

ing : 2. The three - terminal multilayer ceramic capacitor 
a capacitive element including a stack of a plurality of according to claim 1 , wherein the first end surface electrode 

ceramic layers , and a plurality of first internal elec on the first major surface , the first end surface electrode on 
trodes and a plurality of second internal electrodes , and the second major surface , the second end surface electrode 
including a first major surface and a second major 20 on the first major surface , the second end surface electrode 
surface opposite to each other in a heightwise direction , on the second major surface , the first side surface electrode 
a first end surface and a second end surface opposite to on the first major surface , the first side surface electrode on 
each other in a lengthwise direction orthogonal or the second jor surface , the second side surface electrode 
substantially orthogonal to the heightwise direction , on the first major surface and the second side surface 
and a first side surface and a second side surface 25 electrode on the second major surface each have a thickness 
opposite to each other in a widthwise direction orthogo- of about 1.18 % or more and about 6.32 % or less relative to 
nal or substantially orthogonal to the heightwise direc the heightwise dimension . tion and the lengthwise direction ; 3. The three - terminal multilayer ceramic capacitor a first end surface electrode on the first end surface and according to claim 1 , wherein extending from the first end surface so as to partially 30 the first end surface electrode on the first side surface and cover the first major surface , the second major surface , the second end surface electrode on the first side the first side surface , and the second side surface ; surface have a thickness equal to or smaller than that of a second end surface electrode on the second end surface the first side surface electrode on the first side surface ; and extending from the second end surface so as to and partially cover the first major surface , the second major 35 the first end surface electrode on the second side surface surface , the first side surface , and the second side 
surface ; and the second end surface electrode on the second side 

a first side surface electrode on the first side surface and surface have a thickness equal to or smaller than that 
extending from the first side surface so as to partially the second side surface electrode on the second side 
cover the first major surface and the second major 40 surface . 
surface ; and 4. The three - terminal multilayer ceramic capacitor 

a second side surface electrode on the second side surface according to claim 1 , wherein the plating electrode layer 
and extending from the second side surface so as to includes a Cu plating electrode layer on an external surface 
partially cover the first major surface and the second of the Ni underlying electrode layer , a Ni plating electrode 
major surface ; wherein 45 layer on an external surface of the Cu plating electrode layer , 

the first internal electrodes are connected to the first end and a Sn plating electrode layer on an external surface of the 
surface electrode and the second end surface electrode ; Ni plating electrode layer . 

the second internal electrodes are connected to the first 5. The three - terminal multilayer ceramic capacitor 
side surface electrode and the second side surface according to claim 1 , wherein the ceramic layers are made 
electrode ; of a dielectric ceramic material mainly including BaTiO3 . the three - terminal multilayer ceramic capacitor has : 6. The three - terminal multilayer ceramic capacitor a lengthwise dimension of about 1300 um or more and according to claim 1 , wherein each of the ceramic layers has about 1500 um or less ; a thickness of about 0.3 um to about 2.0 um . a widthwise dimension of about 1100 um or more and 
about 1200 um or less ; 7. The three - terminal multilayer ceramic capacitor 

a heightwise dimension of about 570 um or more and according to claim 1 , wherein the first and second internal 
electrodes include Ni as a major component . about 680 um or less ; and 

a capacitance of about 12 uF or more and about 32 uF or 8. The three - terminal multilayer ceramic capacitor 
less ; according to claim 1 , wherein each of the first and second 

internal electrodes has a thickness of about 0.3 um to about the first end surface electrode , the second end surface 60 1.5 um . electrode , the first side surface electrode , and the sec 
ond side surface electrode each including a Ni under 

a 

50 

55 


